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To determine the feasibility and cost-saving potential of
substituting outpatient for inpatient cardiac catheteriza-
tion, 986 consecutive procedures were studied at a large
referral hospital. Patients were classified prospectively as to
their eligibility for outpatient cardiac catheterization ac-
cording to published guidelines. Resource consumption was
recorded, and cost savings were then calculated by analyz-
ing the specific supply and personnel costs that could
change as a result of inpatient versus outpatient status.
Of the total of 986 patients who underwent diagnostic
catheterization, 240 (24%) were outpatients, 279 (28%)
were inpatients but had no exclusion criteria for outpatient
catheterization and 467 (47%) were inpatients who had one
or more exclusions for outpatient catheterization. The most
common reasons for exclusion from outpatient catheteriza-
tion were congestive heart failure (22%), unstable angina
(15%), noncoronary heart disease (14%), recent myocar-
dial infarction (11 %) and severe noncardiac disease (9%).
Inpatients with no exclusions for the outpatient procedure
tended to be sicker than outpatients because they were
Cardiac catheterization was performed on an estimated
592,000 patients during 1986 (1), adding roughly $1.5 billion
to the nation's health care bill. Outpatient cardiac catheter-
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older (p =0.002), had a lower ejection fraction (p =0.009)
and had more triple vessel coronary artery disease (p <
0.0001).
The cost of the catheterization procedure itself was not
different between inpatients and outpatients. Laboratory
testing was more frequent among inpatients, however, and
"room and board" costs were significantly higher. Al-
though the difference in hospital charges for inpatients and
outpatients was $580, a rigorous analysis indicated that the
potential cost savings was only 38% of this amount, or $218
per eligible patient.
It is concluded that approximately half the patients
undergoing cardiac catheterization at a referral center are
eligible for an outpatient study, and that shifting from an
inpatient to an outpatient study would save a median of
$218 in costs and $580 in charges per patient. Under
currently accepted guidelines, however, inpatient proce-
dures will continue to be needed for a substantial number of
patients.
(J Am Coli CardioI1990;15:378-84)
ization has been suggested (2-14) as an alternative to tradi-
tional inpatient cardiac catheterization that could offer sub-
stantial cost savings. Estimates of the cost savings from
outpatient catheterization have varied from $87 (5) to $1,000
(12) per procedure, and from $51 million (13) to $200 million
(12) per year in the United States. Criteria for patient
selection for the outpatient procedure have been published
by the American College of Physicians (15) and in a joint
statement of the American Heart Association and the Amer-
ican College of Cardiology (16).
The financial pressures on the medical care system and
the recent official sanction of several professional organiza-
tions will certainly lead to greater use of outpatient cardiac
catheterization. Some third party payers now consider out-
patient procedures to be the norm and require special
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authorization for hospital admission to perform cardiac
catheterization (11). Despite these trends, a rigorous analy-
sis of the feasibility and cost of outpatient cardiac catheter-
ization has not been performed. The purpose of this inves-
tigation was to determine the applicability and marginal cost
savings possible by use ofoutpatient cardiac catheterization.
Methods
Outpatient catheterization protocol. Duke University
Medical Center is a 1,008 bed referral hospital with roughly
32,000 admissions a year. At the time of this study, there
were three adult diagnostic cardiac catheterization laborato-
ries, with a volume of >4,000 diagnostic cardiac catheter-
izations a year. Coronary angioplasty procedures were per-
formed in a separate interventional cardiac catheterization
laboratory adjacent to the emergency room.
In August 1986, a five bed outpatient catheterization
facility was constructed adjacent to the diagnostic cardiac
catheterization laboratories, along with a separate family
waiting area. The catheterization schedule was arranged to
accommodate three to five outpatient procedures a day. Two
to three of the scheduled outpatient procedures were gener-
ally reserved for patients enrolled in a follow-up cardiac
catheterization protocol after successful coronary angio-
plasty (17); the remaining scheduled outpatient procedures
were used for initial diagnostic cardiac catheterizations.
Patients were scheduled for outpatient cardiac catheter-
ization at the discretion of their attending cardiologist.
Patients checked in at a special reception area 2h before the
procedure, and a brief history and physical examination
were obtained by a member of the cardiac catheterization
team. Laboratory tests were performed if needed, but recent
test results were usually available. After premedication, left
ventriculography and coronary angiography were performed
by the Judkins technique using 5 or 6F catheters. Nonionic
contrast medium was employed routinely, but the use of
heparin was not standardized. After the procedure, the
patient was moved to a separate holding room where the
catheter was removed and hemostasis achieved. Patients
were observed for 2 to 6 h in a supine position, and given
intravenous fluids at 100 ml/h. Patients were then allowed to
get up and walk under observation for an additional hour.
Results of the procedure were discussed with the patient by
the attending angiographer and an appropriate disposition
was made. Patients were discharged with printed instruc-
tions for care of the catheterization site.
Data collection. All patients undergoing cardiac catheter-
ization during the period from May 25, 1987 through August
19, 1987 were screened to determine whether they met
published eligibility criteria for the outpatient procedure
(15,16). Detailed data were collected for all outpatients as
well as all inpatients eligible for outpatient catheterization.
Resource consumption data were collected concerning
the supplies and medications used in the catheterization
laboratory as well as the procedures performed and the time
the patient entered and left the laboratory. Data were also
obtained about the use of resources outside the catheteriza-
tion laboratory, including laboratory tests, use of the outpa-
tient holding area, inpatient hospital stay and subsequent
revascularization procedures. Medical information regarding
each patient was collected with use of a computerized
medical information system previously described (18).
Outpatients evaluated their experience with the catheter-
ization procedure by means of a brief self-administered
questionnaire, which they were asked to complete the day
after cardiac catheterization and return using a stamped
preaddressed envelope. The questionnaire evaluated satis-
faction with the procedure, subsequent symptoms or com-
plications and the time spent by patient and family away
from home as a result of the cardiac catheterization.
Cost analysis. The goal of the cost analysis was to esti-
mate the difference in costs to the hospital of performing
outpatient rather than inpatient cardiac catheterization. Be-
cause hospital charges are not necessarily an accurate re-
flection of costs (19), we also examined resource utilization
to estimate marginal costs. The total costs associated with
cardiac catheterization were separated into the marginal
costs that would be expected to vary according to the
number of procedures performed (for example, the cost of
disposable supplies, such as catheters, contrast medium and
laboratory reagents, and the cost of salaries and fringe
benefits) and those regarded as essentially "fixed." Fixed
hospital costs would not be expected to vary with relatively
small changes in patient volume (20); these consist of items
such as the cost of capital equipment, maintenance con-
tracts, administration and general hospital overhead. By
design, we analyzed only the variable component of cost
because fixed costs would not be affected if outpatient
catheterization was substituted for the inpatient procedure.
The economic analysis, therefore, focused on the cost sav-
ings potentially realizable by substituting outpatient for
inpatient cardiac catheterization, rather than on the absolute
levels of costs or charges.
Given these economic assumptions, we analyzed the
supply and personnel costs that might potentially change as
a result of substituting outpatient for inpatient cardiac cath-
eterization. These costs pertained to the catheterization
procedure itself, the hospital laboratory and basic "room
and board" services. Supply costs were determined directly
from invoices, and personnel costs were assigned on the
basis of the time directly spent on a given task, multiplied by
the appropriate wage and fringe benefit rate. All cost figures
were obtained from administrative personnel directly re-
sponsible for the relevant department.
We assigned to each outpatient the measured resource
consumption in the catheterization laboratory and a fourth of
the 10 h worked daily by personnel in the outpatient obser-
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Table 1. Exclusion Criteria for Outpatient Cardiac
Catheterization in 467 Patients (Group IV)
Table 2. Comparison of Clinical Characteristics of 519 Patients
Eligible
Outpatients Inpatients
Criteria No. %
Congestive heart failure 221 22
Unstable angina 150 15
Other cardiac disease 139 14
Recent myocardial infarction 105 II
Severe noncardiac disease 85 9
Group I Group II Group III
Characteristic (n =93) (n = 147) (n =279)
Clinical
Age (yr)* 57.4 57.3 61.4
Male (%) 65 68 65
Hypertension (%) 44 49 48
Diabetes (%) 10 18 15
Smoking (%) 71 76 69
PVD(%) 14 13 13
32
22
17
29
56
41
35
15
9
5660Ejection fraction (%)*
*Values shown are median. PVD = peripheral vascular disease.
~eart disease (such as valvular or myocardial disease),
recent acute myocardial infarction and severe disease in
other organ systems. One exclusion criterion was present in
269 patients, two criteria in 163 patients and three in 35
patients. Thus, a total of 519 patients (Groups I, II and III),
or 53% of all patients undergoing catheterization during this
study period, either had an outpatient procedure or were
eligible to receive it. IfGroup II outpatients (who may not be
representative of those seen at other institutions) are ex-
cluded, 372 (44%) of the remaining 839 patients were either
eligible for or underwent outpatient cardiac catheterization.
Clinical characteristics (Table 2). Clinical characteristics
of outpatients (Group I) and inpatients eligible for outpatient
catheterization (Group III) were significantly different. In
particular, eligible inpatients were older (p = 0.002) and had
a higher prev31ence ofhypertension and diabetes. Normal or
insignificantly narrowed coronary arteries were present
more frequently in Group I (43%) than in Group III (32%),
whereas triple vessel disease was more prevalent in Group
III (29%) than in Group I (13%) (p < 0.0001). Left ventricular
ejection fraction was significantly higher (p =:= 0.009) in
Group I than in Group III.
Catheterization
No. of significantly diseased vessels
0(%) 43
1(%) 27
2 (%) 17
3 (%) 13
vation area. All outpatients were assigned the costs of a
minimal laboratory evaluation consisting of a complete
blood count, blood chemistry panel, prothrombin time and
electrocardiogram; if a patient received tests in addition to
this minimal set, the costs of these tests were also included.
The portion of the inpatient length of stay due to the
catheterization procedure was identified. If no revascular-
ization procedure was performed, the entire length of stay
was attributed to the catheterization procedure. If a revas-
cularization procedure was performed, only the length of
stay from the day of admission to the day after catheteriza-
tion was attributed to the catheterization procedure. The
variable component of the costs of each inpatient day was
estimated on the basis of the actual costs per patient of
supplies and nursing salaries on the units used by patients
undergoing cardiac catheterization.
For comparison, we also computed the hospital charges
associated with outpatient or inpatient catheterization cor-
responding to the resource utilization of the catheterization
laboratory, the hospital laboratories and basic room and
board. For inpatients, the latter category fncluded basic
daily room charges for each day of hospital stay due to the
catheterization procedure; for outpatients, it included
charges for the outpatient holding area plus charges for any
inpatient days attributable to the catheterization procedure.
Statistical analysis. All data were analyzed using the·SAS
statistical analysis system (21). Categorical variables were
compared using chi-square tests, and continuous variables
using Wilcoxon rank-sum tests.
Results
Study patients. During the 12 week study period, a total
of986 patients underwent diagnostic cardiac catheterization,
240 (24%) as outpatients and 746 (76%) as inpatients. The
outpatient group was heterogeneous, and some patients
would not be representative of outpatients at other institu-
tions. Consequently, the outpatients were subdivided into
two groups. Group I consisted of 93 ambulatory outpatients
undergoing initial diagnostic catheterization. Group II con-
sisted of 147 patients, 32 of whom were inpatients at other
local hospitals who were transported back to the referring
hospital after catheterization, and 115 of whom underwent
cardiac catheterization 6 months after coronary angioplasty
as part of a follow-up protocol (17).
The 746 inpatients were also subdivided according to the
presence or absence of accepted exclusion criteria for
outpatient catheterization (15,16). Group III consisted of279
patients who had no exclusion criteria for outpatient cathe-
terization, and Group IV consisted of 467 patients who had
one or more exclusion criteria (Table 1). In order ofdescend-
ing frequency, the reasons Group IV patients were ineligible
for outpatient catheterization were congestive heart failure,
unstable anginal symptoms, the presence of noncoronary
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Discussion
Feasibility and cost savings of outpatient catheterization.
The increasing trend toward outpatient cardiac catheteriza-
tion arises primarily from the pressure to constrain increas-
ing medical costs. Early studies (2-13) showed that outpa-
tient cardiac catheterization was feasible and could be
performed with acceptable risk in properly selected patients.
The overall cost savings available from the procedure was
uncertain, however, because the proportion of patients
eligible for an outpatient procedure had not been accurately
determined and the cost savings per patient had not been
precisely defined. The present study shows that, with cur-
rent selection criteria (15,16), outpatient cardiac catheteriza-
tion is feasible in about 50% of patients undergoing the
procedure at a large referral center, and that a cost savings of
$218 per patient may be realizable. Although the cost savings
per patient are modest, considerable cost savings may be
possible because of the large number of coronary angio-
grams performed each year. If these data can be extrapo-
lated to the country as a whole, some 300,000 cardiac
Difference in Median
Outpatients
Cardiac catheterization procedure (Table 3). The cathe-
terization procedure itself was similar for outpatients and
inpatients. Ambulatory outpatients not studied on a protocol
(Group I) and eligible inpatients (Group III) spent a similar
length of time in the laboratory and had a similar amount of
contrast medium administered; the number of catheters and
medications used was similar. The catheters used in outpa-
tients were, on average, IF unit smaller than those used in
the inpatients (p < 0.0001).
Overall in the 519 patients in Groups I, II and III, there
was a 6% incidence of minor complications, with no signif-
icant differences among the three groups. Complications
included 21 cases of hematoma (4%), 5 episodes of angina
(1%), 3 episodes of transient bradycardia (0.6%), 1 episode
of transient heart block (0.2%), 1 episode of sustained
hypotension (0.2%) and 2 episodes of decreased peripheral
pulse (0.4%).
A total of43 outpatients (18%) in Groups I and II were
admitted to the hospital. Four patients were admitted for
observation, 31 were admitted for a revascularization pro-
cedure based on findings at coronary angiography and 8
patients were previously scheduled for admission the eve-
ning after their cardiac catheterization.
Cost analysis (Table 4). Overall costs as well as charges
were lower for outpatients than for inpatients. The median
charge for Group I patients was $580 lower than the median
charge for Group III patients. The overall difference in costs
Table 4. Differences in Hospital Costs and Charges Between
Outpatients (Group I) and Inpatients Eligible for Outpatient
Catheterization (Group III)
Cost ($) Charge ($)
Catheterization 0 0
Laboratory tests 28 106
Room and board 153 442
Overall 218 580
Table 3. Clinical Course of 519 Patients in the between Group I and Group III patients was $218, or only
Catherization Laboratory 38% of the difference in charges.
====-===::..:-----------E-l-igi-bl-e- The difference in costs between inpatients and outpa-
Inpatients tients varied considerably among different categories of
Group II -G-r-ou-p-II-I- service (Table 4). Neither the cost nor the charge of the
Resource ~r~u~3~ (n = 147) (n = 279) cardiac catheterization procedure itself was different be-
-....:.:.:..:-----....:...-------------- tween outpatients and inpatients. Both the costs and charges
Medications (no.) 2(I to 3) I (I to 2) I (I to 2) for laboratory testing were higher among inpatients than~:~~:~:~sS~:'lF) ~ ~~ ~~ ~~ ~ ~~ ~~ ~~ ~ ~~ ~~ ~~ among outpatients as a result of the significantly greater
Contrast medium 200 (165 to 230) 180 (170 to 210) 190 (170 to 210) number of tests ordered for inpatients (median of four tests
(ml) in Group I versus eight tests in Group III, p < 0.001). The
Time in lab (min) 62 (55 to 70) 54 (45 to 65) 65 (52 to 75) greatest difference in both costs and charges between inpa-
Values shown are median (25th to 75th percentile). Lab = cardiac tients and outpatients, however, was due to basic room and
catheterization laboratory. board services. Inpatient costs were significantly higher
because inpatients had ~2 hospital days attributable to the
procedure itself, whereas the cost of the outpatient holding
room was relatively low and only 18% of outpatients were
admitted to the hospital.
Patient evaluation. Follow-up questionnaires were re-
ceived from 117 outpatients (49%) in Groups I and II. Most
patients (79%) indicated they were "extremely" or "very"
satisfied with the outpatient catheterization procedure itself.
Although 91% of outpatients felt that all of their questions
were answered before the procedure, only 79% felt that of all
their questions were answered after the procedure. Half of
the patients lived ~50 miles from the hospital, but only 13%
spent a night in ahotel or motel as a result of the outpatient
procedure. Most outpatients (64%) would prefer an outpa-
tient procedure if they ever needed another cardiac cathe-
terization, 27% would prefer an inpatient procedure and the
remaining 9% had no preference.
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catheterization procedures be could shifted to an outpatient
basis, at a savings of $66 million a year.
Safety of the procedure. Safety is one of the greatest
concerns in relation to outpatient cardiac catheterization.
The overall risk of cardiac catheterization is relatively low,
so that very large studies are needed to evaluate risk factors.
The Coronary Artery Surgery Study (22) analyzed compli-
cations of coronary angiography among 7,553 patients from
13 institutions, with an overall mortality rate of 0.20% (95%
confidence limits 0.11 to 0.33%). The risk of catheterization
was significantly higher in patients with left main coronary
artery stenosis of ?:50%, left ventricular ejection fraction
<30%, congestive heart failure, hypertension and multiple
premature ventricular complexes. The Society for Cardiac
Angiography (23) found an overall mortality rate of 0.14%
(95% confidence limits 0.11 to 0.18%) among 53,581 proce-
dures from 66 centers. The risk factors for mortality in this
large series were age <1 year, age >60 years, left main
coronary stenosis >50%, triple vessel coronary artery dis-
ease, left ventricular ejection fraction <30% and New York
Heart Association functional class III or IV. These studies,
together with a number of smaller studies (2), indicate that
patients can be separated into groups at relatively higher and
lower risk for cardiac catheterization. The American College
of Physicians (15) and the American Heart Association and
American College of Cardiology (16) based their criteria for
suitability for outpatient cardiac catheterization on recog-
nized factors that would increase the risk of the procedure
among outpatients.
In the present study, there was no significant difference in
the rate of minor complications between outpatients and
inpatients, and no major complications were observed.
Other studies (9,12,13) of outpatient cardiac catheterization
have also reported low complication rates that were compa-
rable with those found in a concurrent control group of
inpatients. No study, including the present one, has included
a sufficient number of patients to detect small but important
differences in the rate of complications between inpatients
and outpatients. More than 30,000 patients would have to be
studied to detect a difference between mortality rates of
0.1%and 0.2% with good statistical power (?:80% chance of
detecting a difference if one existed) and >5,000 patients
would be needed to detect a difference between overall
complication rates of 1% and 2%. Nevertheless, the reported
experience with outpatient cardiac catheterization, and the
observation that most complications are evident during the
procedure or within 6 h after it, suggests that outpatient
procedures can be performed with acceptable safety in
carefully selected patients.
Eligibility for outpatient catheterization. A major objec-
tive of this study was to determine the proportion ofpatients
undergoing cardiac catheterization who would be eligible for
an outpatient procedure. One or more exclusion criteria
(15,16) for outpatient catheterization were present in about
half of the patients in this study, and only 24% of the study
patients actually had an outpatient procedure. The number
of outpatient procedures was limited during the study period
by the size of the outpatient holding area, and it appears that
the younger, less severely ill patients were selected for
outpatient procedures (Table 2). In addition, some of the
Group III inpatients eligible for an outpatient procedure
were hospitalized for reasons in addition to the catheteriza-
tion procedure. Given the trends toward catheterization of
older, sicker patients in our center (24) and in others (25,26),
it is clear that inpatient procedures will continue to be
needed in a substantial number of cases.
Limitations of outpatient procedures. One limitation of
the outpatient procedure is that there is less time for patient
education and counseling. In this study, 21% of outpatients
did not feel that all of their questions were answered after the
procedure, significantly more than the 9% of patients who
did not feel that all of their questions were answered before
the procedure (p = 0.004). The inpatient setting may afford
greater opportunities for the physician and hospital staff to
provide information about the patient's heart disease and
discuss in greater detail specific plans for management.
Cost Savings
Fixed versus variable costs and charges. Estimation of
medical cost savings attributable to a new medical practice
can be difficult. Most studies (19) use hospital charges as a
convenient proxy for costs, despite the clear distinction that
should be made between costs and charges. The differences
in charges does not generally equal the likely economic cost
savings because only a portion of the costs varies with the
number of procedures performed, whereas the remaining
costs are fixed (20). In the case of cardiac catheterization,
variable costs refer to the supply and personnel costs that
can be expected to vary closely according to the number of
procedures performed (for example, catheters, contrast me-
dium), whereas fixed costs refer to equipment costs, admin-
istrative costs and hospital overhead. Clearly, these latter
fixed costs may change in the long run, but only with large
changes in the number ofpatients undergoing catheterization
and over relatively long time periods.
Although the overall difference in charges between out-
patient and inpatient cardiac catheterization was $580 (Table
4), we found that the likely cost savings was only 38% of this
amount ($218). This finding underscores the important dis-
tinction between costs and charges and suggests that policy
decisions based on analysis of charges may substantially
overestimate ultimate cost savings.
Differences in outpatient versus inpatient costs. Our anal-
ysis shows that the actual costs of the catheterization
procedure itself were essentially identical in outpatients and
inpatients. Thus, any potential cost savings from the outpa-
tient procedure will result from reduced costs for laboratory
JACC Vol. 15, No.2
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testing and for room and board. Much ofthe difference in the
use of laboratory tests appears to be due to the routine
testing that accompanies hospital admission and the ten-
dency of physicians to order tests more freely in the inpa-
tient setting. The higher laboratory costs among inpatients
could be reduced to the level among outpatients if a more
focused pattern oftesting was adopted. The room and board
cost constituted the major difference between inpatient and
outpatient cardiac catheterization and largely represents the
personnel costs of nursing services. The higher costs of
inpatient catheterization arose primarily from the higher
average number of nursing hours per patient. In addition, the
average nursing wage was higher for inpatient catheteriza-
tion because the inpatients units in our institution are staffed
predominantly by registered nurses, whereas the outpatient
holding area is staffed primarily by specially trained licensed
practical nurses.
Outpatient catheterization plus overnight hospital admis·
sion. An alternative approach to outpatient cardiac cathe-
terization would be to perform the procedure on an outpa-
tient basis and admit the patient afterward for overnight
observation. This strategy would increase the margin of
safety over a completely outpatient procedure, as well as
increase the opportunity for patient education and counsel-
ing. In this study, there were too few patients to estimate the
cost-saving potential of this strategy accurately, but it would
probably be approximately half of the $218 difference be-
tween the inpatient and outpatient procedures, depending on
the amount of laboratory testing. Planned admissions to the
hospital would reduce the flexibility in scheduling that
results from outpatient cardiac catheterization by tying the
schedule to available beds in the hospital. The out of pocket
costs to the patient's family would also be likely to increase
as a result of a same day admission policy because most
patients and their families in this study did not stay overnight
in a hotel after the outpatient procedure.
Perspective of cost analysis. Any analysis of costs is
performed from a particular perspective-namely, "costs to
whom?" We have taken the perspective of the hospital in
performing this analysis because we wished to examine the
actual changes in resource use that result from substituting
outpatient for inpatient cardiac catheterization. Other possi-
ble perspectives for the cost analysis would be those of the
patient, the third party payer and society at large. Although
these perspectives are also important, they are not neces-
sarily tied closely to actual resource costs, which may lead
to an overestimation of the economic costs saved by substi-
tuting outpatient for inpatient cardiac catheterization.
The difference in cost to the patient associated with
outpatient cardiac catheterization was not measured in this
study. The out of pocket costs may be higher, lower or the
same, depending on the patient's specific insurance cover-
age. The cost of outpatient cardiac catheterization to third
party payers is the portion of hospital charges that they pay.
Our analysis indicates that the cost of providing outpatient
cardiac catheterization is $218 lower than that of the inpa-
tient procedure, so that it would be reasonable for third party
payers to be charged a lower fee. The precise charge for any
hospital service depends not only on the marginal costs of
the service, but also on a number of other factors, including
an array of fixed costs (such as hospital overhead and bad
debts), which must be covered regardless of the number of
procedures performed by the hospital. The cost of outpatient
cardiac catheterization to society at large should decrease on
a per case basis in parallel with the marginal economic cost
savings. Total cost savings to society may be blunted,
however, if the increased availability of outpatient cardiac
catheterization leads to increased overall use of the proce-
dure.
Our analysis indicates that the actual resource costs of
providing outpatient cardiac catheterization are lower than
those of the inpatient procedure. Although these savings are
relatively small for any particular patient, the aggregate
savings would be large if the procedure could be applied to
large numbers of patients. However, the precise changes in
costs for hospitals, patients, payers and society may differ
slightly.
Limitations of the study. The economic analysis pre-
sented here should be interpreted with due consideration of
its assumptions and limitations. First, we assumed that
savings in personnel time could be completely recovered as
cost savings. Because the number of paid hours cannot
necessarily be varied efficiently in response to variations in
work load, this may overstate the actual marginal cost
savings. Second, no major complications were observed in
this series of patients. Consequently, we cannot evaluate the
effect of the added cost of such complications. Third, we
were not able to account for the potential increase in
malpractice liability that may accompany outpatient proce-
dures (27). Increased insurance and litigation costs would
reduce any savings resulting from the use of the outpatient
procedure. Fourth, we assumed that total catheterization
volume would not be substantially changed by adoption of
the outpatient procedure. To the extent that an outpatient
catheterization program might substantially increase the
number of procedures performed, the costs of equipment,
administration and overhead associated with the catheteriza-
tion laboratory could change. Finally, we did not consider
any effect of the use of outpatient cardiac catheterization
procedures on hospital occupancy rates.
Conclusions. This study demonstrates that outpatient
cardiac catheterization is feasible in roughly 50% of patients
at a referral institution. A rigorous cost analysis indicates
that the economic cost savings of substituting outpatient for
inpatient cardiac catheterization is about $218 per eligible
patient, substantially less than estimates ($580) based only
on hospital charge data. Outpatient cardiac catheterization
appears to be a cost-saving alternative for selected patients.
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However, clinical judgment must not be subordinated to cost
concerns in application of outpatient procedures. The poten-
tial savings in cost must be carefully weighed against poten-
tial risks, particularly in patients who would be unable to
obtain prompt medical attention after discharge from the
observation area. The reimbursement policies of third party
payers should encourage outpatient procedures in suitable
patients by setting reasonable levels of reimbursement,
while acknowledging that hospital admission will continue to
be indicated in a substantial proportion of patients.
We thank Celeste McIver and Cynthia Pierce for assistance with data
collection; Patricia Barber, James Jones, Mary Jane McCracken, Kenneth
Schneider, MD and James Stinson for providing fiscal information and Cristy
McGranahan and Teri Lanier for typing the manuscript.
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